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CONFIDENTIAL

Monthly Progress Report
diane 1957

Task Qrder Ho. 2
Contynot o, RD=%4d

Audio Noise Heduction Cirouits

The object of this project is 1o develop a noise reduction oirocuit
suitable for use in separating opeecch intellipence from a signal containing
spesch and nolss vhen the épesch intelligence is mesked by the nolse. The
proposed methcd involves a principle vhich kas been used successfully to
improve the signal-towncige retic in musie reproducing or transmission
systenmol The syaten vsed for rusie conlains bandpase filters which peass
froquencioes over a renge of an cotave oy lezs. These filters are used
at the input and output of a ncn=linsuv olement. The output of the non=-
linear olements contuin the fundamentsl, and also harmonios and subhsrmonios
of the fwidamontal. Howevsr, since the pass band of the input and output
bandpass filiera is no greuter than an ootate, the harmonics and subharmonics
are not transmitted by ths system:. ‘he ifunetion of the nou«linear element
is 1o reject all noiso signnls below n given nmplitude or threzhold level.
The threshold levels of the nonelinesr devices in each channel can bhe
adjusted so that, in the absence of desived signal, the noise 1s rejeoted.
Vhon the decired signel 18 greator than the threshold level, the non=linear
eloments cllcw tho ocomposite gignzl to pess. 4hus, for passesns of recordad
music, when the music signal is below the noise level in a given frequency
channel, tho channel iz inopsrative, end iLs output is eliminated from the
total output. Since tho sontribution of this channol to the total cutput

would have been oaly roise, the over-zll noisze leovel is reduced. Yhen the

1. HeFo Cloon, "Electronies,” Dsco. 1847,
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musioc signal in a given ohsnnel is greater than ths noise, the channel
conduots and allows the composite signal to pass. Thus, a channel oconducts
only when the desired signal is greater than the noise, and rejecis when
noise alone is present,

In order to apply this method of noise reduction to speech, when
the wide band speech signaleto=noise ratio is very low, it was believed
necessary to find frequency regions in which the speech amplitude is
groater than the noise. Although the long time average speotrum of speech
is continuoua, and similar in shape to the spectrum of room xw:me.2 the
short time speotrum of various speech sounds contains regions of maximum
energy oalled spesch formants .;i The assumption that this method of noise
reduction should be utilized for spsoch wes based upon the belief that it
would be possible to find frequency regions in which the amplitude of the
specch formants would be greatsr than the noise a substantial part of the
time,

A study has been made to determine what bandwidths are required in
order to obtain speech formant amplitudes above the noise when a wide band
specch sample is just intelligible in noise. It is known that for noises with
a oontinucus specotrum it is the noise components in the immediate frequency
regicn of the masked tone which contribute to the masking."" When & very
narrow band of noise ies used to mask & pure tone, the masking increases as
the bandwidth ie inoreased until a certain bondwidth is reached. After this,

as the bandwidth is increased, the emount of masking remains constant. This

bandwidth at which the masking reaches a fixed value is termed the oritical

2, H. Fletcher, "Specch and Hearing on Com:mication,” Van liostrand Co., Imo.,
New York, 1953 (see Figures 61 and 70).

3. Qpe.oit. chape le

4. L.L. Beranek, "The Design of Speech Commnication Systems," Proc. IRE,
Vol., 35, pp. 882, Sept. 1947,
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bandwidth.? Measurements have been made using £ilters which were both
narrower and wider than the critical bandwidth. Both pure tones and speech
mixed with continuous spectrum types noises have been studied. Ihe results
of this study show that, for the narrowest permissible bands which can be
used to pass speech formaents, the number of times the speoch formnt
amplitude in a given band exoseds the noise is small. Alsoc, in these bands,
the speech amplitude is never considerably greater than the noise. Since
very narrow bandwidths are required to reduce the noise below the signal,
the number of bands required to cover the specch spectrum is quite large.
There was no satisfactory way of evaluating the effect upon speech intelligence
of smll oontritutions from many narrow bands without building a many
channeled cirouit and evaluating it.

In view of this faot & oomplote multi-channel system has been
developed in order to determine the offocti;emu of this mtho—d -of improving
speech intelligibility in noise. The multiechannel system developed oontains
80 channels covering the frequenoy range from 700 to 3200 cps. The bandwidth
of each channel is adjustable and each has bsen set so that it is cne half
that of the oritioal band when the signal is 3 db above the threshold level.
A schedule of the band centers and their bandwidths is contained in the
progress report for January 19567, A preliminary evaluatian of the eoircuit
has been performed.

During June evaluation of the noise reduction circuit was continued.
lests are being performed for various conditions of the noise reducer for
various noise samples. Since there is no simple quantitative value that oan
be assigned to desoribe the cirocult performancs, & tape recording of the
noise reduser output is being made for each condition. This will provide a

5. N.R. French and J.C. Steinberg, "Factors Goveming the Intelligibility of
Spesch Sounds,"” Jour.Acoust.Soo.Amer., Vol. 19, Jan. 1847 (see Figure 7).
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permanent record of the effectivensss of the circuit under various oonditions.
The measuring cirouit to be used during these tests is shown in Figure 1.

The over=all response frequency characteristic of the measuring olrouit is
shown in Figure 2.

It has been decided to add 30 more channels to the low frequsncy
end of the 80 channel cirouits With these additional bands the frequency
range of the noise reducer will be from 170 to 3200 cpse These additional
ohannels are now being buflt in the model shop.

25X1

July 5, 1967
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